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DETAILED ACTION 
Claim Rejections • 35 USC § 103 



The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1-10, 20-22 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Pan'553 (cited ref.) in view of Chien et al.. 

Pan'553, figs. 2-7 and related text on col. 3-5 discloses substantially the claimed 
method for forming a photo sensor on a p-type substrate and an insulating layer 38 
positioned on the surface of the substrate and surrounding the photo sensor 40 (fig. 7) 
including the step of performing a first implantation process utilizing N-type dopants to 
form the plurality of first doped regions 44 through a first mask (not shown, note also on 
col. 3, lines 58-65 for the necessity of masks in ion implantation) for increasing a 
contacting area between each first doped region and the substrate so as to increase a 
sensing area of the photo sensor 40 (col. 5, lines 1-5, fig. 7); removing the first mask, 
and performing a second ion implantation process utilizing N-type dopants through a 
second mask (not shown) to form a second doped region 42 on the surface of the photo 
sensor 40 covering the surface of the substrate between two adjacent first doped 
regions 44 (col. 4, third and fourth paragraphs, fig. 7). 
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Note also in fourth paragraph, Pan'533 suggests the order of forming regions 42 
and 44 could also be exchanged. 

With respect to claim 2, fig. 2 shows first doped region 44 and second doped 
region 42 interact with neighboring substrate 32 to form a plurality of depletion regions. 

With respect to claims 3, 4, Pan'533, col. 3, line 29-44 discloses the use of either 
P-type or N-type dopants as first type and second type dopants. 

With respect to claim 6, see col. 4, lines 29-41 for the dopant density of region 44 
that is less than that of region 42. 

With respect to claim 7, 21 , Pan'533, col. 4, lines 41-47 suggests that the MOS 
transistor 36 and sensor 40 could be form together simultaneously. 

With respect to claim 8, the annealing is inherently performed in order to activate 
the dopants which is well-known to those skill in the art. 

With respect to claim 9, since Pan'553, as explained above, discloses the 
method for increasing in depletion region (see also col. 5, first and second paragraphs) 
as in the instant claimed invention wherein each of the depletion regions formed 
between the neighboring first doped regions is inherently a complete depletion region, 
and a capacitance of each of the depletion regions is approximately equal zero for 
increasing a sensing area, decreasing dark current, and further increasing photo current 
and photon conversion gain. 

With respect to claim 10, since the second doped region 42 formed on the 
surface of the sensor region is a conductive region, and would be inherently used as a 
conductive wire for the photo sensor. 
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With respect to claim 20, Pan'533 discloses the method of claim 1 wherein the 
first mask and the second mask layer further define positions for forming a plurality of 
depletion regions in the photo sensor, each of the depletion regions being located under 
the second doped region 42, between the two adjacent first doped region 44, and 
extending under the two adjacent first doped regions 44 as shown in fig. 2. 

Pan'533 lacks anticipation of forming the second doped region covering a top 
surface of each of the first doped region. 

Chien et al., in a related art as shown in figs. 2A-2E and text on col. 3-4, teaches 
the use of mask 212 for forming plurality of doped region 216 deep in the substrate (fig. 
2C and text on col. 3, next to last paragraph), and shallow region 208 on the surface of 
photo sensor region covering a top surface of each of the doped region 216 and the 
surface of the substrate between any two adjacent doped region 216 (fig. 2E). Note in 
fig. 2A, shallow region 208 also forms lightly doped region for MOS device 
simultaneously; and col. 2, lines 43-48 suggests the source/drain region could be 
formed either before or after the sensor region. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have formed the second doped region covering top surface of 
each of the first doped regions and simultaneously forming sensor region and MOS 
lightly doped region as taught from Chien et al. in Pan'533 process of forming a sensor 
since it would reduce the process steps, time and cost by simultaneously forming the 
devices at the same time, and increase sensing area, decrease dark current and 
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improve the device performance by forming multiple deep region of at least three, and 
cover them with a shallow region. 

It would have been also obvious to those skilled in the art to form the sensor in 
an epitaxial silicon layer which is currently well-known in semiconductor processing 
technology for reducing the thickness of the device as compared to the device formed in 
the bulk silicon substrate. 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Wolffenbuttel, and Kuroda teach the formation of second doped 
region covering top surface of the first doped regions in photo sensor process. 

Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
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the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 



Applicant's arguments with respect to claims 1-10, 20-22 have been considered 
but are moot in view of the new ground(s) of rejection. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Tuan H. Nguyen whose telephone number is 571-272- 
1694. The examiner can normally be reached on 9AM-5:30PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Carl Whitehead Jr. can be reached on 571-272-1702. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 
273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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